I. INTRODUCTION
Neutron-deficient nuclei with 50рZр60 provide an important means of testing the underlying assumptions of the standard cranked shell model ͑CSM͒. Lighter nuclei with N ϷZ exhibit structures that suggest that the pairing force between neutrons and protons occupying the same orbitals has a strong influence on the behavior of the nucleus. In these heavier nuclei, the neutrons and protons both occupy highj h 11/2 intruder orbitals; however, the neutron levels are filled up to the mid-to high-⍀ orbitals, while the proton Fermi surface is lower in the shell. Thus these nuclei present a region in which the neutron-proton pairing effects are not expected to be so strong, but where the forces may be modified as compared to isotopes closer to stability. Indeed, strong evidence for the need to use extended CSM ͓1͔ calculations including a quadrupole-quadrupole pairing term has been observed in the nuclei 127 Pr and 131 Pm ͓2͔. This type of calculation ͓1͔ has proved extremely successful in describing superdeformed structures in the AϷ190 region ͓3͔ and has also been applied to structures based on intruder states in nuclei with AϷ110 ͓4͔. In general, these calculations have found their most successful applications when applied to odd-A nuclei, as they allow the state of the odd particle to be blocked self-consistently. However, there are several other salient differences from ''standard'' CSM calculations that may imply that they are more suitable for use in describing these very neutron-deficient nuclei. Both pairing and deformation are determined self-consistently and the pairing interaction itself is modified to include a quadrupole as well as a monopole force. As will be discussed later, standard calculations do not generally provide accurate predictions of crossing frequencies and alignment gains in this very neutron-deficient mass region. While the extended calculations have proved satisfactory for describing the behavior of the ground-state band in 127 Pr, one wishes to see evidence of their applicability in other nuclei.
The yrast bands in the heavier (AϷ130) Ce isotopes are characterized by the alignment of a pair of h 11/2 protons at spin IϷ10ប and rotational frequency Ϸ0.3Ϫ0.4 MeV/ប. This crossing is well reproduced by standard CSM calculations. However, the same calculations predict a second alignment of a pair of h 11/2 quasineutrons that is generally ob-*Present address: Department of Nuclear Physics, Research served at a higher spin ͑and over a larger frequency range͒ than expected. Recent results concerning the nucleus 128 Ce ͓5͔ have been interpreted as being solely based on quasiproton excitations, explaining the second alignment gain in the ground-state band as being due to a second quasiproton alignment, rather than to the predicted h 11/2 neutrons. Clearly, the standard CSM calculations fail to reproduce the experimentally observed behavior. It is a matter of debate whether the neutron crossing is completely absent or whether, as the extended CSM calculations suggest, it occurs at a higher frequency than the standard model predicts. The frequency at which the first h 11/2 quasineutron alignment occurs is predicted to decrease with decreasing neutron number and, thus, one might expect to observe it in the yrast structures of the lighter Ce isotopes. The present data for the more neutron-deficient 126 Ce show a gradual gain in alignment around Ϸ0.5 MeV/ប in addition to the earlier ͑sharper͒ proton crossing. This behavior is discussed in terms of both standard and extended CSM calculations.
In addition to the study of the yrast band, the two previously known ͓6͔ excited bands have been extended to higher spin and excitation energy. One of these bands ͑band 2͒ shows some evidence for the neutron alignment thought to be observed in band 1; in addition, there is a sharp rise in the aligned angular momentum at high frequency ͑ϭ0.57 MeV/ប͒ that is not predicted by the standard calculations. This band was previously assigned as being of negative parity ͓6͔; somewhat ambiguous indications of its parity are found in the current work, preventing a definite assignment from being made. The other band ͑band 3͒ is suggested to be of positive parity. This band clearly undergoes the h 11/2 proton alignment common to the yrast bands in the Ce isotopes, but subsequently displays no other evidence of any interaction. Comparisons with excited structures in nearby Ba nuclei support the assertion that this structure may involve a ␥-vibrational state, coupled to the quasiparticle vacuum at low spin and to the S-band above the first band crossing.
II. EXPERIMENTAL DETAILS
The experiment was carried out at Argonne National Laboratory. The beam of 64 Zn, provided by the ATLAS accelerator at an energy of 260 MeV, was incident on a target consisting of two stacked, thin foils ͑each of thickness 500 g cm Ϫ2 ) of 64 Zn for a total period of approximately 56 h. Gamma rays emitted from recoiling nuclei were detected using the GAMMASPHERE array ͓7͔, which consisted of 101 Ge detectors, 66 of which ͑situated at angles close to 90°r elative to the beam direction͒ were electronically segmented into two halves. The remaining detectors were mounted in rings at more backward and forward angles. The ring at 17.3°was left empty to allow for the opening angle of the Argonne Fragment Mass Analyzer ͑FMA͒ ͓8͔; however, the M /q information provided by this device was not used in the analysis presented here. Charged particles ͑protons and ␣ particles͒ emitted during the reaction were detected using the MICROBALL array ͓9͔ of CsI͑Tl͒ detectors. Events were written to tape when a minimum of four ␥ rays were detected in prompt coincidence. The data recorded included ␥-ray energies ͑gain matched to 1/3 keV per channel but with no Doppler correction applied͒, timing information, energies and times from the MICROBALL and position and timing information for recoils detected in the FMA.
III. ANALYSIS METHODS
In the 64 Znϩ 64 Zn reaction,
126
Ce is produced after prompt evaporation of two protons only. The strongest reaction channel (␣2 p) led to the population of 122 Ba;
126 Ce was produced with approximately 30% of this intensity. In the off-line analysis, it was possible to minimize contamination from other channels by setting requirements on the particles detected in the MICROBALL in prompt coincidence with ␥ rays. Initially, the condition of exactly two protons and zero ␣ particles was imposed in order to select out ␥ rays associated with the decay of 126 Ce. It was subsequently found that, because of less than 100% efficiency for the detection of charged particles, allowing 1p events to be included significantly increased the statistics for the channel of interest without introducing an excessive level of contamination from other reaction products. Excluding those events in which more than two protons or any ␣ particles were detected was found to be essential in order to reduce the presence of stronger channels leading to lighter nuclei ͑isotopes of La, Ba etc͒ that would otherwise dominate the spectrum.
With the use of a thin target, ␥ rays emitted from the recoiling nuclei experience the full Doppler shift. The reaction used results in a high v/c (Ϸ0.04) that is altered by the emission of particles as the compound nucleus decays to the final residues. This effect was compensated for by using the MICROBALL to perform event-by-event Doppler-shift corrections. The following sorting methods were then applied.
͑i͒ Two three-dimensional histograms ͑cubes͒ were created in a format suitable for analysis with the RADWARE ͓10͔ package. Background subtraction was performed using the FUL method ͓11͔. Each cube contained ␥ rays with energies between 80 keV and 2000 keV, which were binned so as to preserve a constant channel full-width half-maximum for the ␥-ray peaks across the entire energy range. The first was created with the requirement that either one or two protons and no ␣ particle were detected in the MICROBALL; this cube contained Ϸ1.3ϫ10 10 triple ␥ coincidences. No particle detection requirements were applied to the second cube, which simply contained all ␥ rays within the required energy range. This cube contained Ϸ2.4ϫ10 10 triple ␥ coincidences.
͑ii͒ A series of one-dimensional coincidence spectra were produced with multiple gates set on various structures observed in the cubes ͑see Sec. IV͒. Due to the nonlinear gain applied to the ␥ rays incremented into the cubes, the energy dispersion at high E ␥ reduces the precision with which centroids can be measured. The one-dimensional ͑1D͒ spectra were created using gains of 1/3-and 2/3-keV per channel, and subsequently allowed a more accurate measurement of the peak centroids. Background subtraction was achieved by subtracting normalized combinations of spectra sorted using the same lists of gates but lower gate folds. That is, for a spectrum created requiring three gates from list A, the background spectrum was created by combining a spectrum of ␥ rays from events in which two gates from list A are satisfied, one of events in which one gate from list A has been satisfied and the total projection of the data.
͑iii͒ The data were also sorted into ␥-␥ coincidence matrices with the aim of determining the multipolarity of ␥-ray transitions in 126 Ce. Gamma rays detected at the forward/ backward (FB) angles ͑i.e., р38°or у143°with respect to the beam direction͒ were incremented on one axis with coincident ␥ rays detected at angles of 79°рр101°͑ϳ90°͒ on the other. Such matrices were created both with and without ␥-ray coincidence gates in order to enhance structures of specific interest ͑see Sec. IV͒. In all cases, only events in which one or two protons ͑and zero ␣ particles͒ had been detected in the MICROBALL were incremented. These asymmetric matrices were created in a format suitable for analysis with the UPAK ͓12͔ package. A background subtraction was performed on each of these matrices using the BAC-PAC software ͓13͔, which implements the PalametaWaddington ͓14͔ method for asymmetric two-dimensional histograms. The experimental ratio
was then measured and the method of directional correlations from oriented states ͑DCO͒ ͓15͔ was used to interpret these data. The effect on this ratio of setting ␥-ray gates before incrementing the matrices is minimal, as the gating transitions were allowed to be detected at any angle. This means that any extraneous correlation effects introduced by gating in the sort are negligible. Similarly, the isotropic construction of the MICROBALL implies that the use of particle gates should have no effect.
IV. RESULTS AND LEVEL SCHEME
The partial level scheme for 126 Ce deduced in this work is presented in Fig. 1 , with the properties of the transitions given in Table I . The ground-state band ͑band 1͒ has been extended by the observation of eight more transitions, giving the spin and excitation energy of the highest observed level as I ϭ36 ϩ , E ex ϭ16.020 MeV. Eight more transitions have also been added to band 2 ͓previously observed to spin I ϭ(23 Ϫ )], giving a maximum spin and excitation energy of I ϭ(39 Ϫ ) and E ex ϭ16.602 MeV. An 1185-keV transition has been observed to link the second level in band 2 to the 6 ϩ level in band 1. The structure previously reported as band 3 has been clarified and extended by nine transitions to a maximum observed spin of I ϭ28 ϩ ͑and excitation energy E ex ϭ10.873 MeV). The 1016-keV ␥ ray observed by Morek et al. to feed the 6 ϩ level in band 1 has been confirmed, and another structure has been observed above this state. This ␥ ray has been found in this work to be in coincidence with members of band 3. Gated ␥-ray spectra representative of the decay of the three bands are presented in Fig. 2 . Figure 2͑a͒ shows a background-subtracted, double-gated spectrum obtained by setting gates on all transitions in the ground-state band up to the 1290-keV ␥ ray. Band members are marked with triangles; the two peaks marked with open triangles are near doublets within the band ͑608/611 keV and 688/690 keV͒. The inset shows the high-energy portion of the spectrum obtained by setting double gates of the form (AϫB) where A is the list of ␥ rays with energies ͑170, 350, 496, 611, 688, 679, 607, 810, 914, 981 , 1034 keV͒ and list B contains the ␥ rays with energies ͑1111, 1199, 1290, 1375, 1465 keV͒. Figure 2͑b͒ shows a background-subtracted, double-gated spectrum obtained by setting gates on clean combinations of pairs of transitions in band 2 and projecting the 1D spectrum out of the particle-gated cube. Transitions in band 2 are marked with filled diamonds. The peaks marked with filled triangles represent transitions in the ground-state band fed by band 2. The inset shows the highenergy region of the same spectrum. Figure 2͑c͒ shows a double-gated spectrum of band 3. All ␥ rays identified in band 3 were used to create this spectrum. Transitions in band 3 are marked with open diamonds. As for Fig. 2͑b͒ , transitions in the ground-state band fed by band 3 are marked with filled triangles. Linking transitions are marked with circles. The inset shows the high-energy region of the same spectrum. The spins and parities of the levels in Fig. 1 are based on the value of the ratio R DCO measured for deexciting ␥ rays ͑see Table I͒ . In some cases, these assignments are made or confirmed by other decay paths and intensity balances implying large internal conversion. For example, the 6 ϩ level at 2.032 MeV is assigned as such because of the decay from the 6 ϩ level in band 3. This occurs via a 177-keV transition; in order for intensity balances to be satisfied, internal conversion must be significant and thus the 177-keV ␥ ray feeding this level is required to be of M 1 nature. If this transition were a stretched dipole, this would give a spin assignment of 5 ϩ . However, this level itself decays directly into the 6 ϩ level in the ground-state band via a transition of 1016 keV that has a measured DCO ratio of 0.6͑2͒. Following a heavyion reaction such as that used here, it is unlikely that ''uphill'' transitions ͑going from I to Iϩ1) will be observed. Thus we assign both the 177-and 1016-keV transitions as unstretched, mixed M 1/E2 transitions. This in turn leads to the necessary assumption that the 155-keV transition carrying intensity from the state at 2.032 MeV into the lowest level of band 3 is a stretched E2.
In their work, Morek et al. assigned band 2 as being of 
a Energies are accurate to Ϯ0.2 keV for the strongest transitions ͑i.e., those carrying у10% of the intensity of the 126 Ce channel͒, with the uncertainty increasing to Ϯ2.0 keV for the weakest transitions. b The intensities given here have been obtained from the ungated RADWARE cube. Corrections have been made for detector efficiency. c Values of R DCO have been measured from four matrices, all four of which were gated on the detection of one or two protons and zero ␣ particles. Where possible, measurements were performed in a matrix created with no ␥-ray gates; additional measurements were made in matrices gated by transitions from band 2, band 3, and the lower portion of band 1. d Assignment of E2 nature made on the basis of decay paths to and from this level involving other levels of fixed spin. e Assignment of M 1 made on the basis of intensity conservation considerations and internal conversion. negative parity. The DCO ratios obtained in the current work strongly support the assertion that the 867-, 574-, and 316-keV transitions connecting levels in band 2 and band 1 are of stretched dipole character. The low values of these ratios ͓0.65͑7͒, 0.64͑3͒, and 0.44͑12͒, respectively͔ indicate a pure dipole nature, which is usually taken to indicate electric, rather than magnetic, character as M 1 transitions are often admixed with E2 contributions. In addition, the systematics of neighboring Ce and Ba isotopes suggest that the first excited structure should be based on a negative parity configuration. There is no clear reason why 126 Ce should depart from systematic behavior observed to hold true for the even more neutron-deficient 124 Ce ͓16͔. Thus it is tempting to retain the spin and parity assignment of the earlier work ͓6͔. However, the observation of the 1185-keV transition connecting the level assigned as having I ϭ9 Ϫ to the 6 ϩ level in band 1 casts some doubt on this assertion ͑see Sec. V B͒. For this reason, the spins and parities of the levels in band 2 are given in parentheses in Fig. 1 and Table I .
It should be noted that the ordering of the 542-, 637-, 562-, and 666-keV ␥ rays in band 3 is somewhat ambiguous. The transitions are in the plateau region of the band's intensity pattern; in addition, some degree of contamination is brought into the spectrum from other nuclei. However, after careful analysis of the intensities, the sequence given here appears to be the most probable. The proposed order is also supported by consideration of the moment of inertia produced by the various possible orders-see below and Sec. V C.
In addition to the extension of the rotational bands, several other levels have been identified. In particular, the structure that decays into the 6 ϩ level of the ground-state band via a 1016-keV transition has been extended. Cross-talk has been observed between the lowest levels of band 3 and the lowest level of this cascade, implying that there may be some underlying similarity between the two structures. However, the low intensity with which these levels are populated has precluded any definitive assignments of spin and parity.
The following discussion will concentrate on the three rotational bands ͑1, 2, and 3͒. To compare the behavior of the rotational bands with the predictions of standard and extended CSM calculations, one extracts the aligned angular momentum (I x ), experimental alignment (i x ) and dynamic moment of inertia (I (2) ) from the data using the following expressions:
where the reference value representing collective rotation (I x re f ) is given by
The Harris parameters J 0 , J 1 most commonly used in this mass region are J 0 ϭ17.0ប MeV
Ϫ1
and J 1 ϭ25.8ប 2 MeV Ϫ3 . These values were originally obtained by fitting transitions above the first band crossing in the yrast structure of 130 Ce ͓17͔, and have been found to be appropriate for most of the structures observed in neighboring isotopes. Figure 3͑a͒ shows the alignment i x extracted from the data for bands 1, 2, and 3. A value of Kϭ1 has been assumed for band 2. ͓A particle-hole excitation from an h 11/2 orbital into the positive parity g 7/2 orbital would give rise to a structure with either Kϭ1 or 2 ͑see Sec. V B͒.͔ Band 3 is assumed to have Kϭ0. The spin of the lowest observed level in band 3 is I ϭ4 ϩ ; however, the use of Kϭ0 or Kϭ2 is more appropriate in light of the discussion below ͑see Sec. V C͒, in which it is suggested that this structure may be based upon a ␥-vibrational state. Figure 3͑b͒ shows the dynamic moment of inertia I (2) for each band. In both figures, data for band 1 ͑the ground-state band͒ are shown with filled triangles, data for band 2 with filled diamonds and for band 3 with open diamonds. Ce are shown in Fig. 4 . The calculations have been performed using a triaxial Woods-Saxon potential ͓18,19͔ with deformation parameters ␤ 2 ϭ0.28, ␤ 4 ϭ0.014, and ␥ϭ0°. The pairing strength is calculated at ϭ0 MeV/ប and decreases with increasing rotational frequency so that it has 50% of its initial value at ϭ0.7 MeV/ប ͓20͔. Quasiproton levels are shown in Fig. 4͑a͒ and the results for quasineutrons in Fig.  4͑b͒ .
The calculations for protons indicate that there are two pairs of negative-parity levels ͑originating from the h 11/2 ͓541͔3/2 Ϫ and ͓550͔1/2 Ϫ orbitals͒ lying close to the Fermi surface. These levels are labeled e, f, g, and h. The positive-parity orbitals in this mass region generally originate from the proton g 7/2 and d 5/2 shells; in the case of 126 Ce, the calculations show ͑for the deformations parameters above͒ that the lowest available positive-parity states (a,b quasiproton levels͒ are predominantly g 7/2 hole states ͑all these states have strong admixtures of other d 5/2 , g 7/2 levels in the wave functions͒. The next available positive-parity excitation (c,d) appears to be another holelike state, this time based on a g 9/2 extruder orbital.
The calculations for neutrons show that the lowest quasiparticle states (E,F) are again negative-parity h 11/2 intruder states, this time a pair of near-degenerate signature partners originating from the ͓523͔7/2 Ϫ orbital. The quasineutron G,H excitations are based on the signatures of another h 11/2 pair ͑the ͓532͔5/2 Ϫ levels͒. The first positive-parity states (A,B) should be particle-like excitations based on the ͓411͔1/2 ϩ (d 3/2 ) orbitals. Other orbitals that may contribute to yrast and near-yrast structures are associated with the d 5/2 and g 7/2 subshells.
The various quasiparticle alignment frequencies predicted by these calculations are summarized in Table II .
It should be noted that isotopes in this region of the nuclear chart are often found to be fairly soft with respect to ␥ deformation. Total Routhian surface ͑TRS͒ calculations for 126 Ce reveal the presence of a stable but ␥-soft minimum centered at ␤ 2 ϭ0.28, ␥ϭ0°over a large spin range. Figure 5 shows an example of the results of these calculations obtained for the quasiparticle vacuum at ϭ0.0 MeV/ប. The basic shape of the minimum remains unchanged up to about spin IϷ30ប, where it begins to split into three separate minima with well-defined ␥ values. Although the occupation of h 11/2 orbitals tends to stabilize the deformation in terms of ␤ 2 , the softness with respect to ␥ is retained for several of the excited configurations. Low-lying ␥-vibrational bands have been observed in some Ba and Xe isotopes ͓21-25͔; on the basis of the results of the TRS calculations, one might expect to observe similar structures in the nearby Ce isotopes. Table II .
A. Band 1
In their work, Morek et al. ͓6͔ observed band 1 through its first backbend ͑occurring at spin IϷ10ប) up to a spin of Iϭ20ប. The present study confirms their findings and extends this band by eight transitions to a maximum observed spin of Iϭ36ប. The first crossing occurs at rotational frequency Ϸ0.33 MeV/ប and results in an alignment gain of Ϸ10ប. As Morek et al. suggested, this crossing can most easily be understood as the alignment of a pair of h 11/2 protons. The standard CSM calculations predict that the first h 11/2 protons (e f ) will align at Ϸ0.32 MeV/ប ͑see Fig. 4͒ . Thus it is reasonable to suggest that band 1 corresponds to the quasiparticle vacuum at low frequencies and that, above the first backbend, it is based upon the e f configuration.
The additional transitions observed in this data allow the clear identification of a second, gradual alignment occurring around Ϸ0.5 MeV/ប. Figure 6͑a͒ shows the alignment i x of this band as a function of rotational frequency. The ground-state bands of neighboring even-even isotopes are included for comparison. It is immediately obvious that 126 Ce undergoes some interaction giving rise to an alignment gain at Ϸ0.5 MeV/ប, and that this interaction does not occur in the ground-state bands of the other Ce isotopes. According to the calculations, one should expect three possible alignments occurring around Ϸ0.45 MeV/ប ͑see Table II͒ ; however, both the eh and f g quasiproton alignments would be blocked in the case of the e f band. This leaves the quasineutron EF crossing, which is predicted to occur at the somewhat lower frequency of Ϸ0.4 MeV/ប. The failure of the calculations to reproduce the crossing frequency correctly is typical of experimental observation in this mass region. It appears that some modification of the calculations is necessary.
Recent work by Parry et al. ͓2͔ showed that extended CSM ͓4͔ calculations ͑in which both pairing and deformation are determined self-consistently͒ provide a good framework in which to describe the behavior of these neutron-deficient nuclei. There, it was shown that the rise in the I (2) of the yrast sequence in 127 Pr ͑and also in 131 Pm) is due predominantly to the alignment of a pair of h 11/2 neutrons, although there is some contribution from the h 11/2 protons too. The calculations reproduce the frequency range over which the alignment is observed, as well as the interaction strength. An extension of the study to heavier, odd-A Pr and Pm isotopes indicates that the frequency at which the h 11/2 neutrons align increases with increasing neutron number. Thus, it is only for the lighter isotopes that the neutron component around Ϸ0.5 MeV/ប is substantial. Figure 6͑b͒ shows the quantity i x extracted for the ground-state bands in both 126 Ce and 127 Pr. The band in 127 Pr has a larger initial alignment ͑as one would expect with the extra proton occupying an h 11/2 orbital͒, but the increase in i x occurs at almost the same frequency and with the same character as the second alignment in the band in 126 Ce. Extended TRS calculations performed for 126 Ce confirm that ͑as the standard calculations shown in Fig. 5 suggest͒ the ground-state band is built on the quasiparticle vacuum with a deformation of ␤ 2 Ϸ0.28, ␥Ϸ0°. The alignment of a pair of h 11/2 protons ͑blocked in the odd-Z neighbor͒ is predicted to occur over the frequency range Ϸ0.3Ϫ0.4 MeV/ប. A second interaction ͑the alignment of a pair of h 11/2 quasineutrons͒ is predicted to occur between Ϸ0.4 and Ϸ0.5 MeV/ប. Figure 6͑c͒ shows the total alignment I x predicted for this band compared to the experimental data for band 1. The separate contributions from protons and neutrons are indicated by dotted and dashed lines, respectively. A second neutron alignment is predicted at Ϸ0.9 MeV/ប, coinciding with a smaller effect in the proton alignment. The present data do not extend to such high rotational frequency, but a future extension of the band would provide excellent confirmation of the mechanisms underpinning the alignment characteristics. However, on the basis of these results it is possible to assign configurations as follows: for I ϭ0Ϫ10ប, band 1 is built upon the quasiparticle vacuum; for Iϭ10Ϫ20ប, it corresponds to the e f configuration; and for Iϭ20ប to the experimentally observed limit, it corresponds to the e f EF configuration.
B. Band 2
Morek et al. suggested that band 2 is a negative-parity band with Kϭ5. The DCO ratios obtained from the current data partially support the assumption of negative parity; however, the observation of a transition ͑of energy 1185 keV͒ linking band 2 to band 1 may cast some doubt on this assignment. The results of the CSM calculations ͑see below͒ also suggest that the band may not be based on a configuration with Kϭ5.
The improved statistics obtained with the GAMMAS-PHERE array allow a more accurate determination of the DCO ratios of the 316-, 574-, and 867-keV transitions linking levels in band 2 with levels in the ground-state band; the measured values ͑see Sec. IV͒ suggest a stretched dipole character for these ␥ rays, which in turn suggests that band 2 is most likely to have negative parity and that the spin of the lowest observed level is 7ប. This fits with the systematics of heavier Ce nuclei, in which a negative-parity band with K ϭ5 is observed to be one of the lowest excitations. Indeed, recent work ͓16͔ suggests that this systematic behavior extends to the more neutron-deficient 124 Ce. The even-even Ba nuclei, which in general exhibit similar behavior to their Ce isotones, also conform to this pattern. However, an additional transition of 1185 keV has been observed in the present data, linking the state in band 2 fed by the 430-keV transition to the 6 ϩ level in band 1. The low intensity of this transition precludes an accurate measurement of the DCO ratio, but, if one accepts that the other connecting transitions are electric dipoles, then this transition must be an E3. The presence of an experimentally observable E3 would indicate some degree of octupole collectivity, and thus the question of whether this is likely must be given some consideration. The ''magic numbers'' for octupole deformation have been given by Nazarewicz et al. ͓26͔ as 34, 56, 88, and 134 . Strong evidence for static octupole deformations has been observed in nuclei with ZϷ56, NϷ88 ͑for example, 144 Ba ͓27͔͒; indeed, Cottle ͓28͔ suggested that these magic numbers would be modified and that a region of static octupole deformation should exist in nuclei close to 126 Ba. Subsequent experimental evidence ͓29͔ did not support this proposal; however, the possibility of collective octupole effects subsisting in these nuclei remains an interesting and unanswered question. Thus it is not unreasonable to suggest that octupole degrees of freedom may play a part in determining the structure of the Ce isotopes (Zϭ58).
A good indication of the presence of a transition dipole moment arising from an octupole vibrational state can be obtained from the experimental E1 strength, which is enhanced by the charge asymmetry of the vibration. An esti- mate of the B(E1) strengths for the 316-keV and 574-keV transitions deexciting the levels assigned as 9 Ϫ and 11 Ϫ in band 2 has been obtained from the data using the following expressions:
If one inspects the results of the CSM calculations ͑Fig. 4 and Table II͒ , it appears that the lowest-lying negative parity excitations will be built on a particle-hole excitation from an h 11/2 orbital ͑giving Kϭ1/2) to a g 7/2 orbital ͑giving K ϭ3/2). The DCO ratios obtained for the transitions linking band 2 to band 1 suggest a spin difference ⌬Iϭ1, which implies that this band has odd spins. Thus it appears, if the CSM calculations are correct, that band 2 has Kϭ1 rather than Kϭ5. Hence, in evaluating Eq. ͑7͒, a value of Kϭ1 has been used, together with a value of Q 0 ϭ4.5 e b ͑cor-responding to an axially symmetric shape with ␤ 2 ϭ0.28).
The experimental values of B(E1) obtained in this way are B(E1) 9 Ϫϭ 2.0(5)ϫ10 Ϫ4 W.u. and B(E1) 11 Ϫϭ 1.7(4) ϫ10 Ϫ4 W.u. ͑the errors assume no uncertainty in the values of I, K, and Q 0 ). E1 strengths of this magnitude are indicative of the presence of octupole correlations ͑in this case, a vibrational state is more likely than a static octupole deformation͒ and thus the presence of an experimentally observable E3 transition is not unlikely. An estimate of the E3 strength associated with the 1185-keV transition can similarly be extracted from the data; using the same values of I, K, and Q 0 this is obtained as B(E3) 9 Ϫϭ 4.7(1.9) ϫ10 3 W.u. This is somewhat higher than might be expected. As before, the uncertainty quoted for this value does not include the possible contribution from the value of B(E2) employed in the calculation. Assuming a value of Kϭ2 would result in a slight reduction of the E3 strength; however, if the standard CSM calculations are not accurate in this region ͑as is indicated by the results concerning band 1͒, it is possible that in fact a different configuration might be possible and that the band, like its counterparts in the heavier Ce nuclei, may have Kϭ5. This would result in the B(E3) being approximately halved. A further significant decrease can be achieved by assuming a smaller quadrupole moment. In order to reduce the value obtained for the B(E3) by a further factor of 2, Q 0 would need to be as low as 3.2 e b. One might expect the axial deformation of the nucleus to be reduced by the presence of an octupole surface vibration and hence this may not be an unreasonable assumption. Thus, with these changes to the values of K and Q 0 employed in the equations, an E3 strength of 1.1(0.5)ϫ10 3 W.u. can be arrived at. Although this value is still somewhat large, it is not impossible that such a strong transition might occur.
Of course, the above series of assumptions cannot be made with confidence, and alternative possibilities must be considered. One scenario could be that the spins of the levels in band 2 are each reduced by 2ប. This would result in an E1 nature for the 1185-keV transition, which would then be connecting a level of spin Iϭ7 in band 2 with the Iϭ6 level in the ground-state band. Such an adjustment would imply that the 867-, 574-, and 316-keV ␥ rays are ''up-hill'' transitions, carrying intensity from levels of spin I to levels of spin Iϩ1. As was argued in relation to the decay-out of band 3, however, such transitions are unlikely to be observed following heavy-ion fusion-evaporation reactions. A third possible explanation would be that band 2 is in fact of positive parity and that the spin of the lowest level is 5
ϩ . This would result in the 1185-keV transition being of E2 nature, while the three other transitions carrying intensity to band 1 would then be magnetic, rather than electric, dipoles. This would imply a serious departure from the systematics of the lowest excited bands observed in other even-even Ce and Ba isotopes. Although the discussion of band 1 above indicates that standard CSM calculations are not adequate in describing the behavior of nuclei in this mass region, there is no evidence to suggest that 126 Ce should be expected to deviate from the otherwise consistent behavior of the neighboring isotopes. In addition, the DCO ratios indicate pure stretched dipoles for the 316-, 574-, and 867-keV transitions, whereas one would expect a significant degree of mixing with an E2 component if the transitions were magnetic dipoles.
Altogether, none of the above options for assigning spins and parity to band 2 is quite satisfactory. The remainder of the discussion assumes that the spins assigned to the levels shown in Fig. 1 are correct, but it should be borne in mind that a large amount of uncertainty remains.
An inspection of Fig. 3͑a͒ reveals that band 2 undergoes a smooth gain in alignment ͑from 5 to 13ប͒ up to ϭ0.48 MeV/ប, followed by a sharp increase at ϭ0.57 MeV/ប taking it to a maximum value of Ϸ17ប. According to the standard CSM calculations, the lowest available negativeparity state should be based on the be quasiproton configuration. Assuming the assigned spins are correct, the initial alignment of 5ប for band 2 supports this assignment ͑the occupied h 11/2 orbital should be expected to contribute this amount͒, as does the lack of evidence for the e f alignment, which would be blocked. The I (2) moment of inertia ͓see Fig. 3͑b͔͒ indicates a strong interaction occurring around ϭ0.45 MeV/ប; the general shape of this interaction is similar to that observed at slightly higher frequency in band 1. The latter has been explained as the alignment of the EF neutrons in the above discussion. The frequency at which this crossing is predicted to occur is very sensitive to the deformation of the nucleus; a reduction in quadrupole deformation as compared to the ground-state band could be responsible for the observed difference, as could a change in the triaxiality parameter ␥. If this change in crossing frequency does indeed indicate a reduced ␤ 2 , this lends some support to the arguments given above suggesting that the B(E3) can be lowered. Additionally, the effects of an octupole vibrational component might also alter the predicted crossing frequencies. Thus, it seems probable that band 2 is initially based on the be two-quasiproton excitation, gaining the EF quasineutron pair around spin Iϭ23ប. However, the most dramatic feature of the band is the rapid increase in i x observed at ϭ0.57 MeV/ប. The standard calculations predict no alignments around this frequency, with the closest being the neutron FG alignment at ϭ0.52 MeV/ប ͑which would in any case be blocked if the earlier rise is interpreted as the EF pair aligning͒ and the eh quasiproton alignment ͑which would again be blocked if this band is based on the be configuration͒. Extended calculations have not been performed for the excited states, but one can conjecture that this weak interaction, providing the nucleus with a further 4Ϫ5 ប in aligned angular momentum, represents the alignment of the f g proton pair, predicted by the standard calculations to occur at rotational frequency ϭ0.48 MeV/ប. The strength of the interaction and the resulting increase in alignment are similar to what would be expected as this h 11/2 proton pair aligns with the rotation of the nuclear core. The difference between observed and predicted alignment frequencies is difficult to explain, particularly as the inadequacies of the standard calculations have generally only been apparent with respect to the behavior of the quasineutron levels in neighboring nuclei. However, if one discounts the Pauli-blocked band crossings, this seems to be the most likely remaining candidate. In summary, it is possible that band 2 represents, at the lowest observed frequencies, the two quasiparticle be configuration. The slow aligning of the EF neutron pair is observed up to intermediate frequencies, suggesting that the band can be described as the beEF configuration above spin Iϭ21ប. The highest observed frequencies may represent the be f gEF configuration, in which four h 11/2 quasiprotons and two h 11/2 quasineutrons are aligned with the rotating core. However, it is not possible to confirm this assignment with the results of standard CSM calculations, which predict a much lower frequency for the second proton alignment. The difficulties encountered in explaining the features of this band highlight the inadequacy of the standard CSM in this mass region. In particular, the need to postulate different deformations points to a corresponding need for calculations in which the deformation is determined selfconsistently. Experimentally, clearer data concerning the angular distributions associated with the transitions linking band 2 to band 1 must be obtained in order to define the spin and parity of the band. If it is found to be of positive parity, such a result would have serious implications for what has been thought to be the systematic behavior previously observed in the Ce/Ba region.
C. Band 3
The structure labeled band 3 in this work differs considerably from the third band observed by Morek et al. The reported 400-keV transition towards the bottom of the band has not been observed, an omission that considerably alters the alignment characteristics of the band. This band has been extended to spin 28ប and excitation energy 10.873 MeV, and is thought to be of positive parity. Two transitions ͑of energies 1358 and 1194 keV͒ have been observed in the data that link this band directly to the ground-state band. Although the DCO ratios obtained for these transitions are consistent with a stretched quadrupole character, it is in fact more likely that both decays are via unstretched transitions connecting states with the same spin and parity. If the transitions are assumed to take away two units of spin, then band 3 is close to yrast at lower spins and, indeed, becomes yrast around Iϭ22ប. If one considers the weak intensity with which this band is populated ͑with respect to bands 1 and 2͒ it seems very unlikely that it is, in fact, yrast. Thus we are inclined to favor an assignment of I ϭ4 ϩ to the lowest observed level. As was noted above, the ordering of the ␥ rays between the 8 ϩ and 16 ϩ levels is somewhat ambiguous. The sequence given here appears to be the most likely, however, not only on the grounds of intensity considerations, but also in order to produce the most ''reasonable'' behavior in terms of the band's aligned angular momentum and dynamic moment of inertia. Both of these quantities, presented in Fig. 3 , show evidence for the e f quasiproton alignment at a slightly lower frequency ͑ϭ0.3 MeV/ប͒ than in band 1. It is very difficult to explain the subsequent ''kick'' in the I (2) observed at ϭ0.32 MeV/ប, however any rearrangement of the ␥ rays leads to an even worse situation. For example, an alternative sequence of 449-, 542-, 562-, 637-, 666-keV ␥ rays leads to two separate interactions taking place at ϭ0.24 and 0.30 MeV/ប; the first alignment is then impossible to explain without altering the deformation and pairing parameters in the CSM calculations to unphysical values, while the second alignment has none of the features one would associate with the e f proton alignment. Thus, despite the ambiguity, one can be fairly confident that the proposed order is correct. The general characteristics of the band suggest a strong similarity with the structure of the ground-state band. It has a slightly larger initial alignment, but clearly undergoes the e f alignment, resulting in an increased i x of Ϸ11.0ប. Above Ϸ0.3 MeV/ប, there is no other evidence of any interaction taking place.
Inspection of the quasiparticle Routhians shown in Fig. 4 indicates that the lowest available positive-parity twoquasiparticle excitation would arise from a coupling of the ͓541͔3/2 Ϫ and ͓550͔1/2 Ϫ orbitals. However, the e f proton alignment, which is clearly visible in band 3, would be blocked for such a structure. Thus it is extremely unlikely that this band is based on this configuration. As was mentioned above, ␥-vibrational structures have been observed in several neighboring Ba and Xe isotopes and TRS calculations suggest that 126 Ce may also support such vibrational modes. In their study of 126 Ba, Ward et al. ͓25͔ interpreted bands 1 and 2 of that nucleus as being the two signatures of a quasi-␥-vibrational band. These positive-parity bands were observed to decay directly to the ground state and to excited states within the ground-state band via a series of E2 and mixed E2/M 1 transitions. The data revealed that this vibrational state underwent an alignment around ϭ0.39 MeV/ប, the same frequency at which the first h 11/2 quasiproton alignment takes place in the ground-state band. Above this alignment, the bands were interpreted as being based upon a ␥ vibration coupled to the aligned twoquasiparticle configuration of the S-band. By analogy, it is possible to suggest that band 3 of 126 Ce represents the favored signature of a similar structure ͑a quasi-␥ vibration of the vacuum configuration͒, and that above the crossing seen at Ϸ0.3 MeV/ប it can be interpreted as a quasi-␥-S-band ͑i.e., ␥e f in the notation used above͒. The decay of this band to the ground-state band via E2 transitions alone might indicate a more pure vibrational state than was observed in 126 Ba. However, if band 3 were indeed a ␥-vibrational structure based on the vacuum configuration at low frequency and subsequently the two-quasiproton e f configuration above spin IϷ14ប, then ͑by analogy with band 1͒ one might also expect to see evidence of the EF neutron alignment. In fact, above the initial interaction the dynamic moment of inertia of band 3 is remarkably smooth. It may be that the neutron alignment is altered by the presence of the ␥ vibrations; however the evidence is such that a ␥-vibrational nature can only tentatively be assigned to this band.
VI. CONCLUSIONS
The use of the GAMMASPHERE array, in conjunction with the MICROBALL charged-particle detector, has allowed the expansion and clarification of the level scheme of the neutron-deficient nucleus 126 Ce. The three previously observed bands have been extended to higher spins and other structures identified. In all three cases, it has not been possible to provide adequate explanations of the characteristics of the bands using standard CSM calculations alone. The use of self-consistent, extended CSM calculations for the vacuum state have provided a clearer picture of the changes in structure undergone by band 1, which has been assigned the vacuum, e f and e f EF configurations at low, intermediate and high spins. It seems most likely that, at the lowest frequencies, band 2 represents the lowest negativeparity configuration ͑the be quasiproton state͒. The first, strong interaction may be explained as the EF quasineutron alignment; the lower rotational frequency at which this occurs in band 2 may be due to a lower deformation. It has been suggested that the interaction observed at ϭ0.57 MeV/ប is due to the delayed alignment of the f g quasiproton pair; however, it is not possible to confirm this with the current data. In particular, the uncertainty concerning the assignment of parity to this band means that no firm statements can be made regarding the configurations responsible for the structure. Further experimental investigation concerning this matter is highly desirable, as the implications for the systematic interpretation of bands in Ce and Ba nuclei in this region are quite serious. Finally, whilst there is some evidence that band 3 may represent a ␥-vibrational state coupled to the vacuum configuration at low spins and the e f quasiproton configuration at intermediate to high spins, no definite assignment can be made from the present experimental data.
